from resolution and sampling effects, even for whole-brain averages, unless present scanning strategies are modified.
It should be noted that Herscovitch et al. (1986) describe a strategy to correct global PET measure ments for the effects of cerebral atrophy and em phasized that globally derived values for the per centage of intracranial volume occupied by ven tricles and sulci [(V + S)%] cannot and should not be used to correct regional measurements of brain radioactivity concentration or derived measure ments of CBF and CBY. Although we recognize the importance of correcting PET data for cerebral at rophy, we are concerned that the inappropriate use of globally derived correction factors may increase, rather than reduce, the error in PET measurements of CBF and metabolism.
Stephen C. Strother David A. Rottenberg To the Editor: Herscovitch et al. (1986) de scribed the need to correct positron emission to mography (PET) measurements of CBF for the in clusion of metabolically inactive CSF spaces in the volume under inspection. A series of transverse computed tomography (CT) images through the volume of the brain to be measured were used to calculate the total CSF present. The volume of ventricles and sulci were determined by calculating the number of pixels of CSF density as determined by a threshold algorithm. We would like to describe a novel technique using magnetic resonance imaging (MRI) that has several advantages over the CT correction approach and is capable of signifi cantly improved accuracy in the quantification of intracranial CSF volumes. Herscovitch et al. (1986) describe some of the sources of error in the CT approach but do not at- No.5, 1986 tempt to quantify their effects. Previous investiga tion of the partial volume effects, beam hardening due to variations in skull thickness, and the criti cality of threshold selection in determining ventric ular volume using CT (Wyper et ai. , 1979) has sug gested errors of �20 to 30%. Further errors due to partial volume effects may be expected if attempts are made to measure the volume of CSF contained in the sulci, fissures, and cisterns using the stated 8 mm CT slice thicknesses. Mention is made in Her scovitch et al. (1986) of a "compatible" MRI ap proach, although no references are provided, but this also presumably utilizes a series of transverse slices coupled with an appropriate threshold selec tion algorithm.
A radically different MRI aproach is to use a novel pulse sequence designed to effectively de stroy signal from all intracranial tissue with the ex ception of CSF. The sequence exploits the signifi cant differences between the relaxation times of CSF (T1 of 3,302 ms and T2 of 2,269 ms at 6.4 MHz) and white matter (T1 of 242 and T2 of 86 ms) and gray matter (T1 of 513 and T2 of 118 ms). The delay time (T1) of an inversion recovery (IR) sequence is adjusted to be intermediate between the null-points of white and gray matter. The effect of this is that white matter produces a residual positive signal and gray matter a residual negative signal. The spin echo (SE) data collect part of the sequence is greatly extended to produce an overall echo time (TE) of 400 ms. Such long echo times can only be achieved, on resistive systems at least, by inserting a series of 1800 refocus sing pulses between the 90° pulse and data sampling interval. In other words this becomes a Carr-Purcell data collect. The com bination of the null-point approach (T1 of 400 ms) and extended echo time produces a theoretical signal ratio of CSF:white matter:gray matter of ap proximately -120: + 1: -1. In practice signal can cellation of any white and gray matter existing in the same image volume element will further in crease the contrast between CSF and the rest of the brain. Such high levels of contrast mean that partial volume effects are no longer a problem even in much thicker slices. The repetition time (T R) is 5,000 ms and the total acquisition time per slice is 5. 3 min. Figure 1 shows the type of image obtained using this sequence. The slice width has been adjusted to be equal to the quoted 58 mm overall thickness of the volume imaged using PET in the paper by Her scovitch et al. (1986) . The image is that of a 64year-old female with a long history of alcohol abuse and associated cerebral and cerebellar atrophy. The image slice has been centered on top of the tem-poral horns of the ventricles. In order to calculate the volume of CSF in the slice a phial containing a known volume of water is strapped to the patient's head and included in the image. At body tempera ture water has very similar relaxation times to CSF (T1 of 3,499 and T2 of 2,025 ms) and so the phial acts as a self-normalizing reference standard from which the absolute intracranial CSF volume in that slice can be calculated. In order to extract quantitative information from these images it is necessary to correct for inherent image nonuniformity using techniques described elsewhere (Condon et aI., 1986a) . To tal CSF volume in the slice illustrated was 214.0 ml.
The above sequence was originally designed to quantify ventricular and extra-ventricular CSF volumes and thus act as a diagnostic test and mon itor of therapy or progression in conditions such as cerebral atrophy, hydrocephalus and benign intra cranial hypertension. Measurements on phantoms, normal volunteers, and patients have revealed high degrees of accuracy. An article dealing in detail with the technical aspects has been published (Condon et aI., 1986b) and further details may be obtained by writing to the supplied address. An ar ticle dealing with the clinical applications of the technique can be found elsewhere (Condon et aI., 1986c) .
Application of the MRI sequence to correcting PET data would result in several advantages: (a) The technique does not suffer from either beam hardening artefacts, significant partial volume ef fects or the need for a threshold selection algorithm and, therefore, has a potentially far greater accu racy than CT. (b) The slice width of the sequence may be readily adjusted to accurately reflect the thickness of the PET slices. (c) The technique in volves no ionizing radiation and so normal values can be properly established and serial measure ments on patients may be performed with greater frequency.
